Kinematics
The line profile of H 2 D + towards L 1544 appears double-peaked, although the signal-to-noise ratio is not high (Fig. 1) 
The line profile of H 2 D
+ was modeled using a Monte Carlo radiative transfer program [7] 5 . Figure 2 shows the adopted temperature and density structure of L1544, taken from [8] . See [5] for details of the excitation model; at T kin
+ is essentially a two-level system, so that our results are not sensitive to the collision rates of non-radiative transitions between high-lying levels. For H 2 D + we adopt an abundance of 1×10 −9 in the central 20
′′ [5] . For HCO + , DCO + , N 2 H + and N 2 D + , we used the abundance profiles from [9] , Model 3, and assumed zero abundance inside r=2500 AU. We explored static models, and models with velocity fields from the ambipolar diffusion models 't3' and 't5' of [10] (see [6] for details). For the turbulent broadening, Doppler parameters b between 0.05 and 0.25 km s −1 were tried. Smaller values of b are overwhelmed by thermal broadening; larger ones do not fit the data.
We find that the total width of the H 2 D + line can be matched using either velocity field. While the best-fit static model has b=0.15, b=0.05 gives the best fits with the infall velocity fields. However, the HC 18 O + and N 2 H + J=1-0 observations from [6] rule out the static model, which does not give a doublepeaked line shape. Using the infall velocity fields, the data are matched with b=0.05, consistent with the H 2 D + results (Fig. 1) . None of our adopted velocity fields reproduces the double-peaked H 2 D + line shape that the observations indicate. One possibility is that the infall speeds of ≈0.1 km s −1 continue further inwards than in the models by [10] . The abundance of H 2 D + away from the dust peak of L 1544 was estimated to be a factor of two lower than toward the dust peak [5] . However, this abundance may be an overestimate because some fraction of the emission at the 20 ′′ offset positions is pickup from the central core. We have run Monte Carlo models of the H 2 D + emission, using the same temperature and density structure as before, and dropping the H 2 D + abundance at a 20 ′′ radius by factors of 2-10 from its central value of 1×10 −9 . The H 2 D + intensity at the 20 ′′ offset position is best matched if the abundance drops by a factor of ≈5 at this radius. This result is independent of the velocity field. Models where this factor is 3 or 10 produce clearly worse matches to the data.
In a future paper, we will follow our results up with two-dimensional models and an exploration of different velocity fields. We will also model line profiles at offset positions.
